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Habitability standards have been a useful quality assurance tool for the decision maker in order to 
address human performance onboard military platforms. A point of interest in these standards is the 
need to address motion sickness (both in the civilian and the military arena). The most prevalent and 
widely-used standard used is ISO 2631-4:2001. The part for kinetosis (motion sickness) 
*
 “provides 
guidance on the effects of very low frequency accelerations (0.1 Hz to 0.5 Hz) experienced as vertical 
forces…” A method for calculating a motion sickness dose value based on this same frequency range 
is provided in ISO 2631-1:1997, annex D. 
 
The aforementioned standard is based on a series of experiments conducted by Human Factors 
Research, Inc. (HFR) and sponsored by the Office of Naval Research (McCauley, Royal, Wylie, 
O'Hanlon, & Mackie, 1976; O'Hanlon & McCauley, 1974), which proved that motion sickness 
                                                 
*
 ISO standard 9996:2000 defines motion sickness as follows: “Motion sickness (popularly named airsickness, seasickness 
and so on, according to context) is a commonly experienced and sometimes severe but reversible (i.e. physiological) 
disorder specifically associated with exposure to actual or perceived oscillatory motion in the frequency range 0,l Hz to 1 
Hz. One or more of a constellation of symptoms (with or without frank vomiting) may afflict the sufferer. In severe cases it 
is immediately and profoundly disruptive of motivation, concentration, activity and task performance in both individuals 
and groups, but in the less severe case with premonitory manifestations it remains an open question whether individual task 
performance is degraded until activities are interrupted or abandoned. Group performance (for example the work of a 
ship’s department) may be delayed or impaired by attrition in the crew. The malady afflicts sufferers in a highly 
idiosyncratic manner. Most sufferers can benefit from diminishing effect of continued or repeated exposure to the 
provocative stimulus (habituation).” 
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incidence is strongly related to vertical acceleration amplitude and frequency. Furthermore, the 
nauseogenic frequency space ranged from 0.1 Hz to 0.7 Hz. 
 
Standards Constraints  
The present ISO standard has certain constraints such as: 
 
 The definition of motion sickness,  
 The corresponding nauseogenic frequency range,  
 The nauseogenic motion incorporated for the evaluation of motion sickness (z-axis),  
 The settings the standard refers to (no external visual), and  
 The motion category (real not apparent) 
 The motion attributes (simple sinusoidal) 
 
The following paragraphs will attempt to elucidate on these issues. 
 
The HFR experiments defined the metric Motion Sickness Incidence (MSI) as the rate of people who 
experience emesis (vomiting) in response to the given real motion environment. The experimental 
settings and the chosen metric share some useful attributes. The metric is objective (emesis versus no 
emesis) and easy to use in such an experiment. Furthermore, the experimental settings referred to a 
seated participant in a closed, vertically oscillating compartment, with no visual input from the external 
environment. 
 
Therefore, the ISO standard addresses the issue of motion sickness symptomatology only through 
vomiting, although motion sickness includes a number of other symptoms related to human 
performance (sopite syndrome, malaise, drowsiness, etc). 
 
The second issue is the frequency range which may differ for vomiting and the other consequences of 
motion sickness).  
 
Furthermore, we need to take into account both real and apparent motion. Real motion is found in all 
moving platforms, where apparent motion is found in simulators and virtual environments through the 
visual input. Even for apparent motion the predominant frequency of oscillation of a visual display is 
the significant factor to increased discomfort levels (Kennedy, Jones, Stanney, Ritter, & Drexler, 
1996). 
 
Evidence suggest that the nauseogenic frequency range is enlarged when referring to symptoms other 
than emesis, or to apparent motion (Dichgans & Brandt, 1978; Lawson, Graeber, Mead, & Muth, 
2002). 
 
All the aforementioned issues with the current standards on motion sickness are further emphasized if 
two more parameters found on naval vessels are taken into account, manning, and automation. 
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The pressure on system designers to reduce manning in future platforms, and the significantly 
increased level of automation in almost every generation of systems, is a combination that leads to one 
result: each human supervisory element that fails is likely to have a critical impact on the overall 
system effectiveness and reliability.  
 
Motion Sickness and Performance on Sea 
Numerous studies have approached the problem of performance reduction because of motion sickness, 
both in the laboratory and in the field (for a review, refer to Hettinger, Kennedy, and McCauley 
(1990)). The outcome knowledge from these research efforts is that motion sickness affects human 
task performance in a complicated manner. Nevertheless, a significant conclusion is that motion 
sickness affects human performance more when tasks are complex, require long periods of effort or 
sustained performance, and offered the greatest opportunity for subjects to control the pace of their 
efforts. As noted by Hettinger, Kennedy, & McCauley (1990), “these facts suggest that performance 
decrements are due to reductions in subject motivation as a result of motion sickness rather than 
deterioration in the performance capacity of the subjects.” Tasks start to become “nonessential, and are 
subject to the discretion of the crewman.”  
 
The aforementioned results are related to the symptomatology referred to as sopite syndrome 
†
. 
Depending on the stimulus, sopite syndrome may be the sole manifestation of motion sickness  
(Graybiel & Knepton, 1976). In addition to drowsiness and lethargy, there is a reduced interest in 
ongoing events and a performance decrement, especially when attempting to carry out tasks involving 
high-level mental activity. 
 
Current Efforts at NPS 
Since 2002, a number of studies have been conducted in order to assess, among other variables, motion 
sickness symptoms (including sopite syndrome) on board high speed non-conventional hull designs 
(McCauley & Matsangas, 2005; McCauley, Matsangas, & Miller, 2005; McCauley, Pierce, & 
Matsangas, 2007; McCauley, Pierce, Matsangas, Price, & LaBreque, 2007; McCauley, Pierce, Price, & 
Matsangas, 2008).  
 
Another parallel effort was the development of a quantitative model based on human physiology to 
explain motion sickness incidence (MSI) found in the HFR experiments (Matsangas, 2004; Matsangas 
& McCauley, 2005a, 2005b). Initially based on existing research in this area (Bos & Bles, 1998; 
Merfeld, Young, Oman, & Shelhamer, 1993; Oman, 1982), the model further extends on ideas 
                                                 
†
 ISO standard 9996:2000 defines sopite syndrome as follows: “A state of sleepiness, lassitude, or drowsy inattention 
induced by motion or vibration”. Furthermore, it notices: “Profound lassitude and drowsiness have been specifically 
identified as the sopite syndrome, when associated with low-frequency (below 1 Hz) motion such as is commonly 
experienced aboard ships. The neurological basis of the sopite syndrome, and its relationship to classical sickness, remain 
open questions in physiological science.” 
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underlying motion sickness development (for example, the modeling approach of the neural store). At 
its current state, the model is implemented in MATLAB, and it is partially validated against the HFR 
data. Effort is focused on further validation against other existing research findings (Bos, MacKinnon, 
& Patterson, 2005). 
 
Given the aforementioned issues with the existing standards and the underway research at Naval 
Postgraduate School, the research team has defined a number of steps that could be of interest: 
 
1. Regarding the MS model and the extension its applicability. 
 
a. Implement the model in SIMULINK 
b. Input of raw ship motion data, and evaluate the model’s performance. 
c. Further validate. 
d. Use the model in order to analyze its’ possible predictive validity 
 
2. Regarding the constraints in existing standards. 
 
  a. Focus on defining the nauseogenic space of sopite syndrome. 
b. Conduct research towards the quantification of the effect of sopite syndrome on 
tasks commonly found on naval vessels (vigilance tasks). 
 
The following paragraph will present in more detail the latter points of interest. 
 
Project Description 
The proposed study addresses the basic issue of the sopite syndrome nauseogenic motion model, which 
is viewed at the first step towards effectively addressing the constraints in existing motion sickness 
standards. 
  
The study objectives are to answer the following research questions: 
1. Are sopite syndrome symptoms evident in the same nauseogenic frequency range, as it 
is defined in existing standards? 
2. Is sopite syndrome related to the known main nauseogenic environmental parameters 
(motion acceleration and frequency, time of nauseogenic exposure)? 
3. Do sopite syndrome symptoms generally follow the HFR descriptive model? 
4. Is there a relation between vigilance decrement and motion stimulus? 
5. Is there a distinguishable increase in the vigilance decrement due to mild motion 
sickness (sopite syndrome)? 
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